C ase studies are a way to bring, real-world problems into the classroom. The case-study method places the student in the role of decision maker, mimicking situations that thev mav encounter in future employment. Students are presented with a dilemma, detailed background information, and supporting materials. They are asked to evaluate the situation and consider possible solutions. This case study is designed to provide a tool to develop diagnostic skills for ornamental crop production dilemmas, including nutritional disorders and pest problems, and to evaluate cultural practices and environmental conditions related to crop growth and development. Because cut dicentra is a very minor crop, standard production practices are not well established. Solving this case requires that students become familiar with production protocol as well as disorders incited by both biotic and abiotic factors. Part of this assignment also includes evaluating the costs, in terms or both time and money, of using various diagnostic tools. These tools include contacting extension specialists in horticulture, entomology, and plant pathology; nutrient analyses; and pat hologv tests. The "time and money budget form" (TMBF), which was relined in 2006 ( Fig. I) , is designed to help students appreciate the costs of each available too!' Completion or the TMBF could be a lhi-. projl'd \\',1"" funded hy till' ll.S. l rcp.utnu-ut or Aariculturc Iuiti.uivc for l-ut urc Agriculture ;llld l-ood S~~stcllt.." l-arm l-fficicucv .uul PI~(lliLlhility ProgLllll aw.u'd no. 2001 S210l ll431. This m,l1ll1sLTipt h~lS been assigned coutribut irm no.
OS-2S-!--J from the KJllS,lS /\gricultllrJI Expt . SL1. (K/\I-:S),~l1ld no. l4l)l.)4-fir uu the Xcbruskn Agriclllrur.il Expr . Suo lhc usc or tr.u!c 11;111lCS ill this publication docs not implv cndcu-scmcrn hy thc K/\.FS of products n.uucd nor criticivm ofsimil.u-ones not mentioned \Ve gr~ltl"llJlly~ld,no\\'lcdgc Judy O'l\-br;l nne! Io\ I'icrzvnsk i for thcir suggestions .iud~lssisLll1l"C v i th the else studv. 
required assignment before a class discussion to help ensure that students thoroughly peruse the case studv. The TMBF allows students to select only five of the 10 possible actions to emphasize the limits of time and money when diagnosing most production dilemmas. However, ideally students could choose to explore all the possible diagnostic actions before selecting what to record on the TMBF. This activity exposes them to many of the diagnostic options, but they still must make a judgment regarding which strategies they believe will be most successful to resolve the situation. The revised 2006 TMBF requires students to evaluate the given information rather than resolve the situation. The ultimate solution to the case is not revealed in the results of any of the diagnostic options.
Select up to five in-house and/or outsource Diagnostic Actions that will help you reach a diagnosis of the problem. Keep track of how much time and the cost that each action requires. Remember, the goal is to come to the correct solution by spending the least amount of money, but time is of the essence because the market date is nearing and the symptoms of the disorder are worsening.
Next, answer the questions below to present what you have sorted out.
Ulaw IV",U,-Action Time Cost
Total Cost
You may answer on the back of this sheet. Fig. 1 . The "time and money budget form" was revised in 2006 to direct student focus on the diagnostic process rather than prematurely determining a specific solution. Completion ofthis form may be assigned before class discussion about the case study. This exhibit is available as a .pdf file on the website (Spaw et al., 2006b ).
Omaha, NE. The flower farm is located between these two population centers in Cass Countv in the eastern third of the state, and the farm Ellis at 41 ON latitude. Flint's Flower Farm produces cut flowers in the field, in high tunnels, and in one heated greenhouse, so production and cash flow is year-round. The farm uses municipal water for irrigation. Although dicentra can be produced from seed, this species is rvpically grown from crowns for cut flower production. For cut dicentra stems to be ready for harvest by Valentine's Day, a 5-to 8-week cropping cycle is recommended (Smith, 2(01) . Maria purchased her dicentra crowns from a major supplier of The grower, Maria Flint, is foreing dicentra for the first time as a cut flower crop for Valentine"s Day sales. Although dicentra is common in spring perennial gardens across the central Great Plains, it is not often found as a cut flower crop. Because it blooms from late April until early June under natural environmental conditions, it must be forced into flower for Valentine's Day sales. However, with arching racemes of delicately formed heart-shaped flowers from which it takes its common name, bleeding heart, it is an appropriate crop for the Valentine's Day market.
Flint's Flower Farm specializes in the production of unique cut flowers for local markets in Lincoln and
Objectives of this case
After completing this case study, students will further develop the tollowing knowledge and skill sets:
I. Knowledge about factors a grower should consider when a problem arises in a production setting
2. An understanding of the diagnostic process for disorders incited by environmental, disease, or nutrition problems 3. Appreciation lor the limits of time and money when seeking solutions to a problem 4. Confidence to work through the diagnostic process, sometimes with limited knowledge about the cause of a problem Ancillary objectives of this case study that the instructor may have' include the following:
I. An introduction to niche marketing concepts such as forcing specialtv cut flowers 2. A discussion of appropriate nutrient analyses techniques, which depend upon the root medium used for production
3. An understanding of options and procedures for plant disease diagnosis
The decision case
Note that the case-studv text and other tools, such as video 'clips and Web links to external resources that augment presentation of this decision case, are available to students and instructors (Spaw et al., 2004a) . Your assignment is to put yourself in Maria's shoes: Decide what test] s) you would run to sort out the problem. Justi I)· your decision to run each test and keep track of the costs by completing the TMBf. The goal is to solve the problem while spending the least amount of money, but time is of the essence because the market date is nearing and the symptoms of the disorder arc worsening.
The starting point is to determine what the crop's history reveals about the problem. Chlorosis can be incited by many things, certainly, but you can glean several probable leads from what is known. What inforrnation do vou need to validate or eliminate a particular known cause of the tvpc of chlorosis described?
The "diagnostic action chart" (Fig. 2) provides the means, via the website, to gain additional inforrnation to solve the problem. for example, the diagnostic action "plant tissue analysis" (Fig . .: ;) provides inforrnation about how to sample tissue properly, analvtical techniques, and test results as well as standard acceptable ranges. Some information can be gathered quickly "in-house" by Maria herself whereas other information may be provided as test results or from a conversation with an expert in the field. Answer the questions on the TMBF to justify your conclusions.
Interpretive or teaching notes
The teaching notes are located at the same website as the case study; however, it is a hidden link (Spaw ct al., 2006a) . Prcsumablv only the instructor would gain access to this link, which provides further explanation, discussion aids, and solution ofthe case studv. This case studv is intended for
upper-level under graduate courses of greenhouse management, plant pathology, floricult urc prod ucrion , and nutrient management.
Contingent on the course objectives, size of the class, and instructional stvlc of the educator, this case may be tailored to fit the specific needs or a course. It m.iv be assigned to individuals or as a group project, either outside of class or during class time. Ideally, a designated computer laboratory would be available for those who mav not otherwise have access to a computer. For example, an instructor may choose to combine the assignment of this else study and its discussion with a laboratorv to instruct techniques of in-house root medium testing or use or simple ImmunoStrip test kits (Agdia, Elkhart, IN) for virus testing. Both procedures lIT explained within the case srudv,
The questions on the Tj\;!BF require students to justit\· their conclusions. Having the students explain how they arrived at their particular diagnosis reveals their true understanding of the situation (Stewart, 2(04) and helps them delineate the process that they went through to come to a decision. The 2004-200S TMBF questions were framed so the students' focus was finding a solution (T~lble I). The TMBF was changed in 2006 ( Fig. I ) to cncour.u;« students to l(lCUS on the process or crop di~lg nosis instead oflormulatiiu; ,1 premature solution Crable I).
Additional questions that muv elicit some discussion include the Illilowing:
I, Reflecting on vour first 1111-pression, what was vour initial thought about whur might be \\Tong with the dicentra?
2. What steps of the diagnostic process helped you confirm or decidẽ lgainst your initial impression> In addition to presenting an opporrunitv for class discussion of the problem and the diagnostic process, discussion could be fllCused in a number of wavs.
DIAGNOSTIC PROCESS. Throughout the else studv, the diagnostic process is encouraged as a wav to discover the G1USe of the problem with the dicentra crop. A trade journal article that addresses these concepts (Daughtrey, 20(2) is linked to the website for case of student access. However, the specific steps of the process may not be self-evident to students. Although the diagnostic process is not limited to a specific list of steps to follow, a methodical approach to diagnosing a plant problem is recommended. This approach includes 1) defining the problem, 2) looking for patterns, .:;) delineating time development of the damage pattern, 4) determining causes of the TEACHING METHODS fig. 3 . The "plant tissue analysis" diagnostic action contains information about the procedures for plant tissue sampling as well as test results and acceptable ranges of tissue concentrations for the sample of dicentra submitted. This exhibit is available as a part of the website (Spaw ct al., 2004b). people do not just randomly pick pieces out from a pile and start trying to fit them together; instead, they usually sort the pieces bv scparati ng those that comprise the corners and border and then set the rest of the pieces into groups based on similar color and patterns. The same concept applies to the diagnostic process: Note the obvious symptoms first, to set some boundaries, and then t(lCUS on the overall pattern of the symptoms to delineate categories of possible causes. Discussion to make students aware of how to develop a sequential approach to diagnosis mav give them the con fidcncc to follow a methodical process themselves.
TIME: YOURS VERSUS OTHERS.
This topic mav distinguish the "economists" trorn the "accountants" in vour class, and mav provide a livc!v debate. On the TMBF, costs for procedures that Maria can perform herself are assigned a "cost" of SO. However, these actions take time, which potentially results in lost productivirv t(lr Maria's operation. How valuable is the grower's time? Do actions performed bv the grower really cost nothing? How docs~1 "rower decide how much time to b spend on investigating a problem)
Another aspect of time till' students to consider is that, although it might cost nothing to seek advice frorn extension specialists, the schedules of these busy professionals often result in delayed responses. Sending samples out tor test ing often req uires money, and this emphasizes the value of gaining skills in diagnostic techniques appropri.itc to the production systems.
An instructor might ask if there is a point at which the solution to the dilemma just does not matter. Students may argue that because the time line was so short till' Maria to accomplish corrective actions for her Valentine's Day crop that it would not be worth investing time and moncv to determine the cause of the foliar chlorosis. They may argue that the impact of the disorder is at best negligible and at worst irreversible at the poi nt in the croppi ng cycle that the students enter the scenario. However, the counterargument could be made that Maria must get to the bottom of the problem to provide information to prevent it in the future, understand how it will affect Are symptoms on the upper or lower t(lliage or upper or lower leafsurfaces] What does the root system look like? What are the cultural and environmental requirements of this crop? What is the root mcdi u m and water quality chemistry?
Another wav to introduce the ideas behind the use of a methodical diagnostic process is to ask students to define the process that they go through when they put a jigsaw puzzle together. for example, most plant damage, and :;) synthesizing the informariou to determine probable causes (Green ct~11., 2(04).
To initiate discussion about the diagnostic process, have students state what questions and observations were a part of their decision-making process. These mav include the following: What is the overall pattern of injun-in the production space? How uniformlv are the symptoms distributed? What and where are the symptoms on the individual plants? Agronomic soil testing laboratories tvpicallv conduct nutrient an.ilvscx on soil samples tilliowing acid cxtr.ict ion techniques, hut such c xrr.icrion procedures produce meaningless, inflated results when used on soilless root media, as was the case till' Maria in this instance in the case srudv. This could be a trickv point till' students to discern if thcv have not been instructed in appropriate nutrient extraction techniques till' soilless media. A discussion of root medium extraction techniques till' nutrient analyses based on whether the sample is a soilless root medium or field soil could help students appreciate the importance of selecting a laboratory that conducts an appropriate extraction procedure based on sample type. This discussion might be combined with a laborarorv exercise to instruct students in simple water-based extraction techniques for in-house t rv of Agricult urc and Food, 1<)<)<)).
PLANT IJISEASE DIAGNOSTIC OPTIONS. Even a seasoned plant pathologist or other diagnostician mal' follow m.uiv ditferent routes to determine the cause of a problem thnt is aftl:eting '1 lTOp. The case st udv and teaching notes each include a video clip of an extension pathologist walking through the questions that she asks as she addresses a new problem. A discussion of plant disease diagnostic options might he combined with a l.ihorarorv exercise to instruct students in the c.isvto-usc InuuunoStrip test kits lor determination of rospovi ruses or cucumber mosaic virus. This hands-on artivitv provides students an opportunity to develop practical skills with the reward ofdetermining posit ivc or negative results on a plant sample.
Closure: Diagnosis of the problem and what Maria did
The plant disorder W,IS determined to be tobacco rattle virus ITRV (robravirus ) I· The virus was identified when an extension plant pathologist compared symptomatic foliage with an image posted to the Web (I .anc, 2(06). The diagnosis was confirmed by sending tissue to Agdia and specifically requesting an assay for TRV, a virus that is not included in the results ofthe "ornamental screen" presented in the case study. Therefore, students did not have these results available to them in the diagnostic action chart because additional work bv the extension plant pathologist was required after the initial, general virus screen. This mal' contribute to frustration for the students as they work to complete the use study, but it provides an opporrunitv fill' discussion to reveal how the extension pathologist continued the diagnostic process after the initial road block: She went to the Agdi'l website (Agdia, 2(06), noted ot her ornamental viruses, conducted a Web search using kcvword« "dicentra" and "tobacco rattle virux" (as well as other gener'll orn.uncnral viruses), c.uuc upon a photo that marched the svmprorns, and confirmed her diagnosis bv sending '1 second sample to Agdia with the specific request to test till' TRV.
Tobacco rattle virus is spread hv trichodorid ncm.u odcs and is normallv restricted to roots. Dicentra is one of the kw plant species in which the virus becomes svstcmic. Because the virus is spread bv nematodes, it W~lS determined t h.u infected crowns must have been shipped to Maria. The supplier \\"lS contacted about 
Student feedback on use of case study
Students in four floriculture production classes over 3 vcurs-e--thrcc classes at Kansas State U nivcrsitv (KSU) and one class at Univcrsitv of Nebraska-Lincoln (Ul\'1 .)-were asked to respond to pretest and posttest questionnaires about the dicentra case study. The questions assessed perceived value of the case studv as well as confidence in completing the diagnostic process (Tables 2 and 3 ).
"The scale ranged from 1 point (strongly dis~lg;rl'C! to 6 poillts I. strongly~lgrl.T I with six po-siblc LHinS.,. ,,] i\ rcptlrtcd ill p.ircn-hc-cv. j" dcrivcd from paired t teet .inalvsi-, orthe four groups iI1di\idllall* Signincallt difference between pretest ,111d posttl'st.lt.l k\L'1 ot« S (l.OC). **SignitlL',1I1t dittLTl'l1CC bCn\L'L'1l prClcq .111d posttcst .u a ofu::; rl.O. KSl~, Kansas Sure L'niv crsitv: l'",'I" l.'uivcrsitv utXc l-r.iska-Lincoln. acknowledged their role as a decision maker, which is a goal in learning processes using a case study (Hoag et al., 2001) . The dicentra case studv is a novel learning tool that can be' used to minimize student overconfidence while developing and refining more advanced problem-solving skills.
